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PREFACE

The Blackstone River basin comprises an area of 478
square miles and is located in south-central Massachusetts
and northern Rhode Island. The coordinated flood control
plan for the basin, described in this manual, includes one
dem and reservoir and four local protection projects.

This Master Regulation Manual includes a description
of the basin, statistical, climatclogical and flood data,
project descriptions and design criteria, regulation pro-
cedures for the flood control projects, and the effective-
ness of the projects on the flood of record. The reser-
voir regulation portion of the manual for West Hill dam is
contained in Appendix A. Appendix B contains operational
procedures and maintenance of hydrologic equipment at the
dam,
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MANUAL OF RESERVOIR REGULATION
BLACKSTONE RIVER BASIN
MASSACHUSETTS AND RHODE ISLAND

INTRODUCTION

1. BACKGROUND

The flood history of the Blackstone River basin extends back more
than 140 years. Records concerning the early floods, although meager
in most cases, mention "great" floods of 1818, 1876, 1877, 1886 and
1887. The most recent major flood events occurred in March 1936,
July 1938 and August 1955. Despite earlier floods of the 1800's, a
report dated 1929 (House Document No. 50 » Tlst Congress) concluded
that improvement of the Blackstone River for power development, flood
control or irrigation was neither practicable nor economically sound.

In 1940 a report on survey (House Document No. 624, 78th Congress)
wes prepared which included new flood data obtained from the 1936 and
1938 floods. The report presents results of an investigation of the
Blackstone River and its tributaries for flood control with collateral
studies on pollution, additional power and comnservation storage, recre-
ation, and sanctuary for wildlife. Flood control projects recommended
and subsequently authorized included a flood control reservoir at West
Hill on the West River in Massachusetts, a diversion conduit and chan-
nel from Kettle Brook to the Blackstone River bypassing the city of
Worcester, Massachusetts and local protection improvements at
Woonsocket and Pawtucket, Rhode Island. An interim review report on
the Blackstone River basin (Lower Woonsocket, Rhode Island) dated 1957
and printed in House Document No. 87, 85th Congress recommends modifi-
cation of the existing project for flood control in the Blackstone
River basin to provide for local protection downstream from the exist-
ing project in Woonsocket, Rhode Island.

Subsequent to the August 1955 record flood which caused nearly
$68 million in damages, construction funds were provided for the above
mentioned projects with the exception of the Pawtucket local protection
proJect which is currently in an "inactive" status. Pertinent infor-
mation of the constructed projects are contained in table 1.
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TABLE 1

PERTINENT PROJECT INFORMATION

August 1955 Flood,

Date of Recurring Damages
Project Construction Project Cost Prevented

West Hill

Dam & Reservoir 1959-1961 $2, 300,000 $12.0 million
Worcester

Diversion Project 1957-1960 $5,990,000 $25.4 million
Woonsocket

Local Protection 1956-1960 $4,270,000 $ 8.6 million
Lower Woonsocket

Local Protection 1963-1966 $9,150,000 $ 6.8 million

AUTHORTZATION AND SCOPE

2. AUTHORITY

This reﬁgrt is submitted pursuant to authority contained in
ER 1110-2-240, dated 25 March 1963 (Reservoir Reguletion) which re-
quires that manuals of reservoir regulation for flood control,
navigation or multiple-purpose reservoirs be prepared whenever
storage allocated to one or more of the functions is the responsi-
bility of the Corps of Engineers.

3. PURPOSE AND SCOPE
This manual will serve as a guide and reference source for

higher authority, reservoir regulation and maintenance personnel
in the New England Division office, respective flood control dam
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operators, and for other personnel who may become concerned with or
responsible for regulation of the reservoir in the Blackstone River
basin. Included in the manual are:

a. A concise history of events which led to the authorization
of the Blackstone River basin projects.

b. A general description of the basin and major tributaries,
including topogreaphic features and statistical data relative to
population, industry and agriculture.

¢. Hydrometeorological data for the basin which include temper-
ature, precipitation, snowfall, snow cover, storms, streamflow and
floods.

d. A description of the coordinated plan of development for the
basin consisting of a flood control dam and local protection projects.

e. Procedures for regulating the Blackstone River protective
works.

f. Examples showing the effect of regulation of the West Hill

Dam and Reservoir on the maximum recorded flood and standard project
flood.

HISTORY OF BLACKSTONE RIVER BASIN REPORTS

4. PUBLISHED REPORT

In addition to the reports cited in paragraph 1 (Background),
flood control of the Blackstone River and its tributaries is con-
sidered in Part Two, Chapter XVII of "The Resources of the New
England-New York Region," dated 1957 and printed in Senate Document
No. 14, 85th Congress. It presented a coordinated plan for water-
shed development, conservation, and use of land, water and related
resources of the region. The report was prepared by the New England-
New York Inter-Agency Committee and submitted to the President of the
United States by the Secretary of the Army on 27 April 1956.



GENERAL DESCRIPTION

5. BLACKSTONE RIVER BASIN

The Blackstone River basin, located in south-central Massachusetts
and northern Rhode Island, is generally elongated in shape with a
length of about %1 miles, average width of 12 miles, and a total drain-
age area of 478 square miles. The topogrephy is generally hilly with
higher elevations lying in the western portion, some of which are in
excess of 1,300 feet msl. Because of short, steep tributaries in the
upper reaches of the watershed and relatively longer ones in the lower
reaches, there is a tendency for the tributary flows to synchronize
with the crest on the main river. A general basin map of the Blackstone

River is shown on plate 1.

6. BLACKSTONE RIVER

The Blackstone River originates at the junction of the Middle River
and Mill Brook in the southern part of Worcester, Massachusetts and
flows in a generally southeasterly direction for 4k miles to its mouth
at the Main Street dam in Pawtucket, Rhode Island. From this point the
river is known as the Seekonk River and becomes a tidal estuary. It
flows south for 7 miles into the Providence River in Providence, Rhode
Island. The Blackstone River has a total fall of about L4O feet from
its source to sea level. From Worcester to Fisherville, a distance of
approximately 10 miles, the river falls 150 feet or about 15 feet per
mile. In the next 18 miles to Blackstone, Massachusetts the average
fall is only about 5 feet per mile. The river valley in this reach is
broad and flat and has a marked modifying effect on floods in the basin.
Downstream of Blackstone, the river drops 75 feet in 3 miles, then
flattens out to become a rather uniform slope of approximately 11 feet
per mile to tidewater. A profile of the Blackstone River is shown on
plates 2, 3 and L.

During the 19th century, several small dams were constructed across
the river to develop water power for industrial plants located along
its banks. In recent years, a number of industrial plants have been
abandoned. Those still remaining generally buy their electric power
and use the dams to supply process water. Several dams on the Black-
stone River and its tributaries were damaged during the August 1955
flood, and some of the peak stages experienced in the basin were the
result of surges of water which were released when these dams failed.



T. TRIBUTARIES

a. General. The principal tributaries of the Blackstone River
are Kettle Brook, Quinsigamond, Mumford, West, Branch and Mill
Rivers. In the headwaters of the main river the largest single
tributary is Kettle Brook which has 1its origin about 7 miles northe-
west of the city of Worcester. Kettle Brook terminates at Curtis
Pond vwhere Tatnuck and Beaver Brooks Jjoin it to form the Middle
River, which in turn is Jjoined by Mill Brook to form the Blackstone
River.

b. Kettle Brook. Kettle Brook has its source near Paxton Center
in the town of Paxton and follows a general southeasterly course to
Stoneville where it turns in a northeasterly direction before enter-
ing Leesville Pond. From there it flows northwesterly into Curtis
Pond, vwhich curves easterly almost 180 degrees to join Beaver Brook
and create the Middle River. In its 13 mile length, Kettle Brook
falls approximately 650 feet. A large percentage of the total drain-
age area of 3l square miles is controlled by natural lakes and water
supply reservoirs. In addition, the American Steel & Wire Company
owns several reservoirs in the headwaters which are maintained for
the purpose of conserving water to augment low-water flows at their
plants downstream. A U. S. Geological Survey gaging station, with a
drainage area of 31.3 square miles, is located on Kettle Brook between
Leesville and Curtis Ponds. The Worcester Diversion Local Protection
Project, completed in 1960, diverts high floodflows in Kettle Brook
away from the city of Worcester.

c. Quinsigamond River. The Quinsigamond River basin has a drain-
age area of 35 square miles, a length of about 12 miles and a maximum
width of 4.5 miles. It has many high hills and numerous lakes and
ponds. The largest body of water is the 5-mile-long Lake Quinsigamond,
located in the headwaters of the watershed, with a water surface area
of about 1 square mile. This 1 and the ponds downstream, coupled
with the flat slope of the Quinsigamond River, have a decided effect
on the time and peak of floodflows at the mouth of the river. From
the outlet of Lake Quinsigamond the river falls approximately 65 feet
in its 5-mile lenth, joining the Blackstone River at Fisherville.

d. Mumford River. The Mumford River flows from the outlet of
Manchaug Pond in Sutton, Massachusetts, follows a meandering course in
a general easterly direction to its mouth at Uxbridge, Massachusetts.
In its 13-mile course the river drops approximately 300 feet from its
source to its confluence with the Blackstone River. The basin has a




drainage area of 58 square miles. Several large ponds and lakes in
the headwaters provide considerable natural storage. In addition,
many small dams and reservoirs developed by textile and machinery
industries help reduce and retard peak flood discharges in the basin.

e. West River. The West River basin, with a drainage area of
35 square miles, is elongated in shape with a length of about 12.5
miles and a width varying from about 5 miles in the upper portion to
about 2 miles in the lower portion. The basin consists of low, roll-
ing wooded hills and broad valleys with scattered lake and swamp
areas. Elevations range from about 600 to 200 feet above mean sea
level. The river has its origin at Silver Lake in the northwestern
corner of the basin, spproximately 2 miles southeast of the town of
Grafton, Massachusetts. The West River flows in a general south-
easterly direction from its source through West Upton, where it is
Joined by Warren Brook, then gradually turns tc a more southerly
course to its mouth about 1l mile south of Uxbridge, Massachusetts.
The total length of the river is approximately 16 miles, during which
it falls about 150 feet. The West Hill flood control dam, situated
on the West River, reduces flood crests on the West and Blackstone
Rivers.

f. Branch River. The Branch River, the largest tributary in
the Blackstone River valley, has a drainage area of 96 square miles,
of which 13 are in Massachusetts and 83 in Rhode Island. The basin
is shaped somewhat like an inverted equilateral triangle, with each
side approximately 15 miles long. The mouth of the river is at the
northeast corner of the basin near the Massachusetts-Rhode Island
state line, about 1% miles north of the city of Woonsocket. The
Branch River is formed by the confluence of the Pascoag and Chepachet
Rivers near the town of Mepleville, Rhode Island and flows in a
general northeasterly direction for 9 miles to its mouth. The
Chepachet River drains the southern part of the basin, whereas the
Pascoag River and its principal tributary, the Clear River, carry the
drainage from the northwestern section of the basin. Some of the
higher hills are located in this area with elevations as high as 800
feet msl. Elevation of the Branch River at its mouth is about 200
feet msl. In spite of the hilly terrain, there are many lakes, ponds
and artificial reservoirs in the basin which modify floodflows.

g« Mill River. The Mill River has its source at North Pond in
Milford, Massachusetts and flows in a southerly direction to its con-
fluence with the Blackstone River at Woonsocket. In its 18-mile
length, Mill River has a fall of about 230 feet of which 23 feet occur



in its 1 mile reach within Woonsocket. The basin, which is about 16
miles long and 2 miles wide, has a drainage area of 34.7 square
miles. The basin consists of low rolling wooded hills and broad
valleys with scattered lake and swemp areas which have a large modi-
fying effect on floods. Harris Pond, impounded by a dam with a head
of 36 feet and located at the city limits on the Rhode Island-
Massachusetts state line, failed during the record flood of August
1955 and destroyed all dams on the lower Mill River within the city
of Woonsocket. Use of these dams for industrial water supply was
largely discontinued before the August 1955 flood and they have not
been replaced.

DEVELOPMENT IN THE BASIN

8. POPULATION

All or part of 30 towns and 2 cities in Massachusetts and 6
towns and 5 cities in Rhode Island are within the Blackstone River
basin. According to the 1960 U. S. Census, total population of the
basin is approximately 892,000, an increase of 1 percent over the
1950 U. S. Census figure of 883,000.

Percent
1950 1960 Change

Massachusetts 394,907 432,663 49.5

Rhode Island 487,726 459,325 =6,2
882,633 891,988 1.1

The Rhode Island and Massachusetts portions of the basin are
mostly urban and suburban development. Most of the urban population
is concentrated in the cities of Worcester and Attleboro, Massa-
chusetts and Woonsocket, Central Falls and Pawtucket, Rhode Island.
The suburban population is located mainly in the larger Massachusetts
towns of Holden, Shrewsbury, Auburn, Grafton, Northbridge, Milford,
Franklin and North Attleboro and Rhode Island towns of Lincoln and
Cumberland,
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9. INDUSTRY

Industry plays a predominant role in the economy of the Blackstone
River basin. Thirty-seven percent of the population is engaged in
industrial employment. Every community in the basin produces manu-
factured goods consisting mainly of metals, metal fabrication, ma-
chinery, jewelry, textiles, electrical machinery and components. The
major portion of the industrial activity is located in the northerly
and southerly sections of the basin in the cities of Worcester,
Attleboro, Woonsocket, Central Falls and Pawtucket.

10. AGRICULTURE

Due to the population and industrial pressures, plus competition
from other areas with better soil conditions, agricultural activity
in the Blackstone River basin has declined to minor importance in
recent years. The principal remaining agricultural pursuits are dairy,
poultry, orchards, and truck farming which are conducted on scattered
small farms. Less than 5 percent of the basin land area is utilized
for agricultural purposes.

1l. NATURAL RESOURCES

The natural resources of the Blackstone River basin are very few.
The largest and most widely used resource is the river itself with its
tributaries. Forests in the area are not commercially important at
the present time, but their potential is being improved with forest
management. The only mineral commodities being utilized in the basin
are sand, gravel, granite and crushed stone which are available at
several locations. Small copper and bog iron deposits have been worked
in the past, but future production of these materials is unlikely.
Deposits of quartz, meta-anthracite and limestone occur in the basin.
Magnetite and ilmenite occur in quantity in Cumberland, Rhode Island.
This material was previously used as iron ore, recently as crushed
stone, and is a potential source of both titanium and iron.

HYDROLOGY
12. CLIMATOLOGY

a. General. The Blackstone River basin has a variasble climate
characterized by frequent but generally short periods of heavy
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precipitation in the summer and longer periods of less intense pre-
cipitation in the winter months. It lies in the path of the "prevail-
ing westerlies" and cyclonic storms that move across the country from
the west or southwest. The area is also exposed to coastal storms,
locally known as "northeasters," that travel up the Atlantic seaboard.
In addition, tropical hurricanes constitute an infrequent but very
important poteatial for flood-producing precipitation, particularly
from July to October. Thunderstorms may occur over the basin at any
time of the year and may be of local origin or associated with a
stationary front.

b. Temperature. The average annual temperature of the Blackstone
River basin is about h9° F, Average monthly temperatures vary widely
throughout the year, from between 25° F. and 30° F. in January and

. February to between 69° F. and 73° F. in July and August. Extremes in
temperature range from occasional highs slightly in excess of 100° F.

to infrequent lows in the minus "twenties," particularly in the north-
ern portions of the basin. A record of temperatures has been maintained
at Worcester, Massachusetts for the past 67 years and at Providence,
Rhode Island for 56 years.

c. Precipitation. The mean annual precipitation over the basin
is about 41 inches distributed rather uniformly throughout the year.
Average monthly rainfalls at Providence range from & minimm of 2.28
inches in July to e maximum of 3.68 in August, and at Worcester from
3.16 inches in February to 4.00 in August. The range between maximum
and minimum values of average rainfall does not exceed 2 inches at any
station. Locations of precipitation stations are shown on plate 1.

d. Snowfall and snow cover. About one-third of the precipita-
tion during the winter months is in the form of snow. Annual snowfall
averages from 35 to 40 inches with extremes ranging from 30 inches in
the southern portions to about 60 at inland points to the north. In
recent years, surveys of snow cover have been taken regularly in the
Blackstone River basin. The locations of snow courses are shown on
plate 1. The mean annual water content of snow cover over the basin
seldom exceeds 3 inches. On occasions, however, a maximum weter con-
tent of more than 6 inches has been experienced in the upper Blackstone
River basin. Moderately high springtime discharges frequently occur as
the result of melting snow, but runoff from this source by itself has
been insufficlent during the period of record to cause a major flood.
Serious flooding due to a combination of heavy rain and snowmelt, how-
ever, is a possibility nearly every year.




e. Storms. Three general types of storms occur in the Black-
stone River basin: continental, coastal, and those associated with
thunderstorms which may be of local origin or the result of a sta-
tionary front. Continental storms originate over the United States
and southwestern Canada and move in a general easterly and north-
easterly direction. These storms may be rapidly moving intense cy-
clones, or may be of the stationary type. They are not limited to
any season or month but follow one another at more or less regular
intervals with varying intensities throughout the year. Of the
coastal storms, tropical hurricanes are the most important. They
originate either near the Cape Verde Islands or in the Western
Caribbean Sea and generally move in a westerly or northwesterly
direction, recurving to the north as they near the mainland, and
then to the northeast as they approach New England. Although the
normal path is to the south and east of New England, they may be
deflected over this area by continental cyclonic disturbances or by
a large, slow-moving, anticyclonic center located northeast of New
England. This latter phenomenon is known as a "blocking" high pres-
sure cell. In general, hurricanes are likely to occur during the
months of July through October with greater incidence of such storms
in the months of August and September. Coastal storms of an extra-
tropical nature differ from the aforementioned hurricanes principally
in that they originate off the Carolina coastline. These coastal
storms travel a path parallel to the coastline but further westward
than that of hurricanes and cover a much greater area with precipi-
tation. These storms occur most frequently during the autumn, winter
and spring months. Thunderstorms may be of local origin or of the
frontal type associated with the summer months.

13. STREAMFLOW

a. Discharge records. The U. S. Geological Survey publishes
records of six streem gaging stations in the Blackstone River basin,
four of which are on tributaries and two on the main stream. The
tributary gages in Massachusetts are located on Kettle Brook at
Worcester, the Quinsigamond River at North Grafton and the West River
near Uxbridge, and in Rhode Island at the Branch River at Forestdale.
On the main stream there are two gaging stations: one at Northbridge,
Massachusetts which measures runoff from about 30 percent of the
basin, and the other at Woonsocket, Rhode Island which measures run-
off from about 85 percent of the basin. A gage on the Mumford River
at East Douglas, Massachusetts was discontinued in '1951. Pertinent
data on the existing gages are summarized in table 2. Stage-discharge
tables for the USGS gaging stations presently in operation are shown
on plates A-14 to A-19.

10 .,
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b. Runoff., The average annual runoff from the Blackstone River
for the period of record through September 1963, adjusted for upstream
storage and diversion, ie 246 cfs at Northbridge, Massachusetts and
T31 cfs at Woonsocket, Rhode Island. At Worcester, Massachusetts the
average annual runoff from Kettle Brook is 54 cfs for the 40 years of
record. The maximum, minimum and mean monthly runoff for these three
stations is given in table 3.

14, FLOODS OF RECORD

a. General. Outstanding floods on the Blackstone River may be
expected to occur during any season of the year. Early spring rains
combined with melting snow resulted in the flood of March 1936. Heavy
rains during summer and fall months caused the floods of November 1927,
July 1938, September 1954, October 1955 and the record flood of August
1955.

b. Historic floods. The flood history of the Blackstone River
basin extends back more than 14O years. Records concerning the early
floods, although meager in most cases, mention "great" floods of 1818,
1876, 1877, 1886 end 1887. The greatest of these occurred in February
1886 and far exceeded any previous one for which information was
avallable.

c. Recent floods. Since November 1927, three more major floods
have been experienced: March 1936, July 1938 and August 1955. Minor
events have also occurred in September 1938, September 1954 and
October 1955,

The March 1936 flood (plate 5) actually occurred as two peaks of
almost equal megnitude six days apart. The first peak, slightly less
than the second, was the result of a combination of rainfall and snow-
melt. The second peak was caused by heavy rainfall which varied from
3 inches in the lower part of the basin to 7 inches in the upper part.
In addition, the already saturated soil reduced the rate of infiltra-
tion and, therefore, contributed in producing runoff coefficients as
high as 90 percent.

The flood of August 1955 (plate 6), the greatest of record on the
Blackstone River, was nearly twice the magnitude of any previous peak
discharge. The flood resulted from record rainfall accompanying hurri-
cane "Diane” falling on ground previously saturated by the precipite-
tion of hurriceane "Connie" which occurred only a week earlier. Table
L is a summary of the 5 highest floods recorded at the USGS gaging
stations in the Blackstone River basin.

12
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d. Flood profiles. High water profiles were determined from
high watermarks and field surveys following the floods of March 1936
and August 1955. Flood profiles for the main river are shown on
plates 2, 3 and L.

e. Flood frequency. Peak discharge frequencies were computed
in 1952 for all gaging stations and damage zones in New England.
Following the August 1955 flood, basic data from the previous study
were brought up-to-date and the frequency curves recomputed. The
frequency analyses were made in accordance with procedures devised
by Mr. L. R. Beard and described in Civil Works Engineering Bulletins
51-1 and 51-14, The initial applications to New Englend rivers are
summarized in FCS Memorandum 52-General-3, "Flood Frequency Studies in
New England.” 1In the frequency studies initiated following the 1955
floods, mean and standard deviations were recomputed to include five
additional years of flow data. Based on a regional analysis, a skew
coefficient of 1.0 was adopted for the Blackstone River basin instead
of a skew coefficient of 0.3 previously used. Discharge frequency
data at the existing gaging stations in the Blackstone River basin are
presented in table 5.

15. ANALYSES OF FLOODS

a. General. The floods of record in the Blackstone River basin
were snalyzed in detall to determine hydrologic development of the
floods and flood potentialities of all tributaries and local areas,
and the contribution of the tributaries and local areas at the various
demage centers and index stations. Sufficient data were available
from the floods of March 1936, July 1938, September 1954 and August
1955 for a hydrologic analyses of the Blackstone River basin.

b. Flood routing. The progressive average-lag method of flood
routing was adopted for use in the Blackstone River basin because of
its adaptability to component routing. The routing analyses were made
according to procedures described in Engineering Manual EM 1110-2-1408
(1 March 1960). An empirical relationship was developed between in-
flow end outflow for each reach, allowance being made for distance of
travel, storage in the reach, and relative timing of the flood peaks.
The Blackstone River basin was divided into tributary watersheds and
subareas for the flood analysis. The main river was divided into
three reaches starting and ending at index points suitable for both
hydraulic and economic analyses. Basin subareas and routing reaches
are shown on plate 1.
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c. Tributary contributions. Component hydrographs for each
major tributary and local area were developed for the floods of
record by a detailed analysis of all rainfall and streamflow data.
Maximum use was made of stage-discharge records at USGS gaging
stations and private dams. Component hydrographs then were routed
downstream to determine their contributions to flood peaks at the
control points. The March 1936 and August 1955 floods were ana-
lyzed to determine discharges that each tributary contributed to the
flow at various damage centers and index stations. Results are shown
in schematic form on plates 5 and 6. The top line of the graph repre-
sents the maximm flood peak as it progresses the entire length of
the Blackstone River. The observed discharge values at the USGS
gaging stations are shown at Worcester, Northbridge and Woonsocket.
Discharge at intermediate points was determined by flood routing and
by estimation of ungeged areas. A compilation of all major tributary
and "local" contributions to peak discharges on the Blackstone River
from Worcester, Massachusetts to Pawtucket, Rhode Island for the
March 1936 and August 1955 floods are shown on tables 6 and 7,
respectively.

16. STANDARD PROJECT FLOOD

a. General. The standard project flood for the Blackstone
River basin is a flood that will be equalled or exceeded only on rare
occasions. It was developed from standard project storm rainfall and
unit hydrographs derived from analyzing floods of record. Separate
hydrographs were developed for the principal tributaries and routed
downstream in a manner similar to procedures followed in the investi-
gations of the March 1936 and August 1955 floods.

b. Standard project storm rainfall. The standard project storm
rainfall was based on criteria described in Civil Works Engineering
Bulletin 52-8, It was assumed to be uniformly distributed over the
entire watershed. The total storm rainfall, occurring in U8 hours,
is 11.22 inches with a maximum 24-hour value of 9.65 inches and a
maximum 6-hour value of 7.43 inches. Total losses from infiltration,
surface detention, transpiration, and other tangible factors emounted
to 3.1k inches during the 48-hour period of storm rainfall. Rates of
precipitation, infiltration, and rainfall excess are listed in table 8.
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TABLE 8

STANDARD PROJECT STORM RAINFALL
BLACKSTONE RIVER BASIN

Rainfall
Time Rainfall Infiltration Excess
(hrs) (inches) (inches) (inches)
0 0.00 0.00 0.00
6 T.43 0.60 6.83
12 1.16 0.60 0.56
18 0.68 0.60 0.08
2 0.38 0.38 0.00
30 1.21 0.60 0.61
36 0.19 0.19 0.00
42 0.11 0,11 0.00
48 0.06 0,06 0.00
TOTALS 11.22 3.1k 8.08

c. Unit hydrographs. A review was made of the 5 recent major
floods in the Blackstone River basin (Merch 1936, July 1938,
September 1938, September 1954 and August 1955) for unit hydrograph
analysis. The latter storm generally produced the most critical
conditions of flow through the watershed. Separate 6-hour unit
graphs, developed for each of the 8 tributaries and 3 uncontrolled
local areas, are included on plate 7.

d. Standard project flood. The standard project flood hydro=-
graphs for the selected tributaries and local areas were derived by
applylng the standard proJect storm rainfall excess to the respec-
tive 6-hour unit graphs. Each component was then routed progres-
sively to all downstream index points following the same method used
for the floods of record. The resultant standard project flood peak
discharge at Northbridge, Massachusetts was 20,900 cfs. A maximum
discharge of 43,500 cfs would occur at Woonsocket, Rhode Island and
46,300 cfs at Pawtucket, Rhode Island. Total standard project flood
hydrographs and components at Northbridge and Woonsocket are shown
on plate T.




FLOOD DAMAGES

17. GENERAL

The maximum flood of record on the Blackstone River basin oc-
curred in August 1955. Over 80 percent of the damage caused by the
August flood occurred along the main stem of the Blackstone River
and on its headwater tributaries in Worcester, Massachusetts. Al-
though flooding extended from the headwaters in and near Worcester
to tidewater at Pawtucket, the heaviest damage within the basin was
experienced in the middle and upper reaches of the Blackstone
valley in an area delimited, in general, by the major damage centers
of Worcester and Woonsocket.

The total loss of the August flood in the Blackstone River
basin amounted to an estimated $65.4 million, representing 13 per-
cent of the total damage sustained in the southern New England flood
area. Of the total damage in the basin 57 percent occurred in
Massachusetts, the remainder in Rhode Island. Almost three-quarters
of the total damage in the basin occurred in two of the valley's most
heavily industrialized centers: Worcester, Massachusetts and
Woonsocket, Rhode Island. Losses by area and type are presented in
table 90

Stage vs. demage curves shown on plate 8 are intended to pro-
vide a quick estimate of flood damage for the Blackstone River basin.
Additional detailed surveys following a flood event would supplement
this data as required. Data from damage zones are correlated with
stages at the index stations at the Webster Street bridge in
Worcester, Massachusetts, USGS gage at Northbridge, Massachusetts and
USGS gage at Woonsocket, Rhode Island.

FLOOD CONTROL PLAN

18. GENERAL

The coordinated flood control plan for the Blackstone River basin
consists of one dam and reservoir on the West River and five local
protection projects; one is located in Worcester and two in Woonsocket.
A local protection project at Uxbridge, Massachusetts authorized by
section 205 of the 1948 Flood Control Act is presently being designed.
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The authorized Pawtucket local protection project is currently in an
"inactive" status. Descriptions of the comstructed flood control
works are given in the following paragrsphs and shown on plate 1.
Pertinent data for West Hill Dam and Reservoir and the local protec=
tion projects are contained in tables 10 and 11, respectively.

19. WEST HILL DAM AND RESERVOIR

a. GCeneral. West Hill Dam and Reservoir, completed in 1960, is
located in southeastern Massachusetts on the West River approximately
3¢5 miles upstream of its Junction with the Blackstone River. The dem
site 1s located 1% miles southeast of Worcester, Massachusetts and 9
miles northwest of Woonsocket, Rhode Island. The reservoir has a flood
control storage of 12,400 acre-feet, equivalent to 8.3 inches of runoff
from the dralnage area of 27.9 square miles. The relation of the dam
and reservolr to other flood comtrol projects in the Blackstone River
basin 1s shown on plate 1. The master development plan of the reser-
voir is shown on plate 9. Major project components consist of: (a) an
earth £il1 dam and 4 dikes, (b) an overflow ogee spillway section, and
(¢) a reservoir outlet through the spillway section of the dam (see
plate 10). Several town roads have been ralsed or relocated for a
total length of 2.5 miles.

b. Dam and dikes. The dam consists of a rolled earth fill em-
bankment section 2,400 feet long with a maximm height of 48 feet.
The top of dam is at elevation 282,0 feet msl, which provides for 12.8
feet of spillway surcharge and 5.2 feet of freeboard. The dasm has &
top width of 15 feet and side slopes at 1 on 2.5.

Dikes "A", "B", and "C" are also constructed of rolled earth £ill
with 15-foot top widths and 1 on 2,5 side slopes. The dike along the
Wolf Hill Road alignment (dike "D") which serves as a public road, has
a top width of 28 feet and side slopes at 1 on 2. Sections of the dam
and dikes are shown on plate 11.

c. Spillway and outlet. The spillwey and outlet works are lo-
cated on the right sbutment of the dem. The spillway has a concrete
ogee weir, 50 feet in length with crest at elevation 264.0 feet msl.
The outlet works through the spillway section of the dem, consisting
of three gated 3'=0" x 5'-0" rectangular conduits, permit normel river-
flows to pass and allow regulation of the reservoir during flood
perlods. For details see plate 12,
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TABLE 10

PERTINENT DATA FOR WEST HILL
FLOOD CONTROL DAM AND RESERVOIR

LOCATION West River, Uxbridge, Massachusetts
DRAINAGE ARRA (square miles) 27.9
RESERVOIR

Flood Control Stor

Capacity (acre-feet 12,%00

Inches Runoff 8.3

Area (spillway crest, acres) 1,025

DAM AND DIKES

Type Rolled earth fill
Length (feet) 2,h00
Top Elevation (feet msl) 282.0
Maximm Height (feet) 48
Slopes 1 on 2.5
Top Width gfeet) 15
Freeboard (above spillway design flood, ft.) 5.2
DIKES
Type Rolled earth rill
Length (feet) 1,200
Top Elevation (feet msl) 282.0
Maximm Height (feet) 19
Slopes 1l on 2.5
Top Width (feet) 15
SPILINAY
Type Concrete overflow, uncontrolled
Length (feet) 50
Crest Elevation (feet msl) 26L4.0
Maximm Head (feet) 12.8
OUTLET WORKS
Type 3 conduits through spillway section
Conduit Sizes 3'-0" x 5'-0"
Capacity (epillway crest, cfs) 1,480
Invert Elevation (feet msl) 234.0
Gete Type Sluice

SPILIWAY DESIGN FLOOD

Inflow (cfs) 26,000
Outflow (cfs) 8,900
Maximm Surcharge (feet) 12.8
Maximum Reservoir Elevation (feet msl) 276.8
PROJECT COST $2, 300,000
PLACED IN OPERATION 1961
MAINTAINED BY NED
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d. Recreation. Principal recreational activities at West Hill
Reservoir consist of picnicking, fishing and swimming. A natursl
depression on the West River within the reservoir was developed into
a 1} acre swimming area. Reservoir areas designated for recreational
use are shown on plate 9.

e. Design criterion. West Hill Dam is designed to withstand a
spillway design flood with 6 inches of reservoir storage utilized at
the beginning of the floode The spiliway design peak inflow is
26,000 cfs, equivalent to 930 csm from the 28 square mile drainage
area. With spillway crest at elevation 264.0 feet msl and a spillway
length of 50 feet, the maximum pool elevation reached 276.8 feet msl
(12.8 feet surcharge) resulting in a peak spillway discharge of 8,900
cfs. The top of dam was set at elevation 282.0 feet msl providing
5.2 feet of freeboard. The spillway design flood is shown on plate
15.

f. Regulation procedures. The regulation procedures for West
Hill Dam are contained in Appendix "A". There are no major devi-
ations from the previocusly estasblished SOP, dated May 1961.

g. Effectiveness of project. Hydrogrephs of the 1936, 1955 and
SPF at Northbridge, Massachusetts and Woonsocket, Rhode Island are
shown on plates 5, 6 and 7. Also shown is the effect of West Hill
Dam and Reservoir on flood discharge at Woonsocket, the major down-
stream damage center on the Blackstone River. Plates 13 and 14 de-
pict the 1955 and SPF at the reservoir. Teble 12 summarizes the
natural and modified discharge of the above mentioned floods at
Woonsocket., With a recurrence of the record basin flood of August
1955, the project would prevent about $12 million of demages in down-
stream communities on the Blackstone River. The breakdown is as
follows:

Urban $5,2L40,000

Industrial 3,590,000

Utilities, highways, railroad

and miscellanecus 3,170,000
Total $12,000,000
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TABLE 12

EFFECT OF RESERVOIR REGULATION
AT WOONSOCKET, RHODE ISLAND

Modified by
West Hill
Flood Natural Flow Reservoir
(cfs) (cfs)
March 1936 15,140 14,550
August 1955 29,600 26,100
Standard Project
Flood 43,500 k0,000
Typical Tributary
Contribution Flood 2k, 300 22,500

20. WORCESTER DIVERSION PROJECT

a. General. The Worcester Diversion, completed in 1960, is
located in the towns of Auburn and Millbury, Worcester County,
Massachusetts (see plates 16 and 17). Its intake is located in
Auburn, approximately li miles south of Leesville dam on the easte-
erly edge of leesville pond, an artificial pond on Kettle Brook.
From the intake, the diversion passes southeasterly in a tunnel
through Pakachoag H1ll, thence in an open channel following the
general alignment of Hull Brook to the Blackstone River. The dowm-
stream portion of the return channel, which terminates about 3,500
feet south of the Worcester city limits, is in Millbury.

The function of the project is to divert floodflows originat-
ing in the Kettle Brook drainage area from the city of Worcester
by a tunnel and channel to the Blackstone River below Worcester.
Major project components necessary for this purpose consist of:

(a) a control dam across lLeesville pond; (b) an ungated overflow
structure consisting of an intake weir and tramsition; (c) a com-
crete lined tunnel, partly in earth and partly in rock through
Pakachoag Hill; (ds a stilling basin; and (e) a return channel cut
rartly in rock and partly in earth leading to the Blackstone River.

Mlian patess M a s e —ee—em e — ey wees em— —ee— — - — - T T =T o



Gated outlets in the control dam spillway pass normal Kettle
Brook flow without creating any diversion. Closure of the gated
outlets will effect complete diversion of all flows up to the
capacity of the tunnel. The following paragraphs contain a brief
description of the project features and regulation. Details are
contained in the Operation and Maintenance Manual dated October

1960.

b. Control dam. The control dam is located approximately 1}
miles upstream from the outlet of the pond at Leesville dam. It
consists of a concrete spillway 180 feet long and a nonoverflow
earth dam 350 feet long with rock slopes. The concrete spillway
section has a crest elevation of 492.0 feet msl. Two hand-operated
5' x 5' sluice gates are installed in the spillway adjacent to the
right (easterly) bank. The nonoverflow structure is constructed of

earth with an immervious core., Side slopes are protected with rock-

L AR e T PLAUVUSLCVRU Wavi AaVLa™
f£111 2'-0" thick.

c. Diversion structures. The diversion structure consists of
an intake, concrete-lined tunnel, and a stilling basin at the tunnel
outlet. The intake structure is a semi-circular weir with a crest
elevation of 487.0 and forms the entrance to the 16-foot diesmeter
tunnel, 4,205 feet long through Pekachoag Hill. Elevation of the
tunnel invert and intake transition is 451.8 and the outlet portal
is 40T.0. The entire tumnnel is circular in shape and lined with
concrete. A stilling basin constructed of concrete in rock extends
from the outlet portal 120 feet downstream with a concrete baffle
installed in the rock channel 100 feet downstream from the end of
the stilling basin.

d. Return channel. The return channel, extending from the end
of the stilling basin to the Blackstone River, generally follows the
bed of Hull Brook.

e. Design criteria. The diversion intake weir, with crest at
elevation 457.0 and operating under a surcharge of 5 feet, will pass
a flow of 6,000 cfs, which is the capacity of the diversion tunnel.
This discharge is approximately 1.5 times the record flood of 3,970
cfs vhich occurred on 19 August 1955. For floods greater than 6,000
cfs, the excess will flow over the control dam spillway with crest
at elevation 492,0, but the diversion will continue to handle its
design capacity. The embankment section of the control dam has &
top elevation of 498.0 which is 1 foot above the estimated water
level if an additional 6,000 cfs is discharged over the control dam
spillway.
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f. Regulation procedures.

(1) General. Operation and maintenance of the flood con-
trol works are the responsibilities of the city of Worcester.
Representatives of the New England Division, U. S. Army Corps of
Engineers stand ready to advise the city in the operation of the
project, There is no deviation from the previously established
regulation procedure for the Worcester Diversion Project contained
in the Operation and Maintenance Manual dated October 1960.

(2) Regulation - normal periods. The two 5'-0" x 5'=0"
gates 1n the control dam spillway will remain wide open to permit
passage of normal flows through Leesville pond.

(3) Regulation - flood periods.

(a) Rising stage. One gate may be closed whenever
& severe storm has occurred, heavy spring runoff is taking place,
or if high rates of flow are anticipated on tributaries of the
Middle and Blackstone Rivers. Stages for operation of the gates
and the regulation required are as follows: '

STAGES FOR FLOOD CONTROL OPERATION

Index Location Elevation Regulation Required
€ ,msl )

Gage at Webster
Street Bridge 466.0 Close one gate

Gage at Webster
Street Bridge 468.0 Close second gate

To assure full benefit from the project, premature closure of the
control dam gates is preferable to a tardy operation.

(b) Falling stage. Following recession of the flood,
vhen the stage at the index station falls to elevation 468.0 one
gate may be opened and the second gate may be opened when the stage
falls to elevation 466.0.

(%) Miniamm flow. An 18-inch ungated outlet in the
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control dam and local runoff generally supply the minimum flow of 18
cfs required by the Worcester Electric Company.

g. Effectiveness of project. With a recurrence of the record
August 1955 flood (3,970 cfs) » the project would prevent about $25.u4
million of damages in Worcester as follows:

Urban $ 2,390,000

Industrial 19,490,000

Utilities, highways, railroads

and miscellaneous 3,520,000
Total $25,400,000

21. UPPER WOONSOCKET LOCAL PROTECTION

a. General. The project (completed in 1960) is located in
northeastern Rhode Island on the Blackstone River, and extends from
South Main Street bridge in the center of the city of Woonsocket up-
stream for about 8,300 feet to the vicinity of the Massachusetts~
Rhode Island state line. A small portion of the right bank ebove
the Singleton Street bridge lies in the town of Smithfield, Rhode
Island. A general plan of the project is shown on plate 18. Major
project components consist of 8,300 feet of channel improvement in-
cluding dikes and a floodwall, replacement of the Woonsocket Falls
dam with a new dam, and a new pumping station. In addition, one
highway bridge across the river was replaced as part of the project
and three other highway bridges were constructed by local interests
concurrently with the project. The following paragrephs contain a
brief description of the project features and regulation. Detalls
are contained in the Operation and Maintenance Manual dated October
1959.

b. Channel improvement. The channel improvement covers widen-
ing, deepening and stralghtening of about 8,300 feet of the Blackstone
River, consisting of alterations to about 6,700 feet of channel and
construction of about 1,600 feet of new chennel. Bottom widths vary
from 100 to 120 feet, except the approach to the dam has been flared
to a bottom width of about 230 feet at the Woonsocket Falls dam. The
channel bottom drops 0.183 percent in the upper 7,680 feet from ele-
vation 144 to elevation 130 and then rises to elevation 132 as it
approaches the dam.
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c. Closure structure. There is one closure structure in the
Woonsocket project located on River Street about 50 feet north of
Singleton Street. The distance to be closed is 40 feet between the
retaining walls at the ends of dikes 3 and 4. Height of the open-
ing is about W% feet and will normally be closed with sandbags.

d. Woonsocket Falls dam. The Woonsocket Falls dem is a con=-
crete structure having four 50-foot ogee weirs with 10.l1 foot high
tainter gates and a short nonoverflow right abutment section across
an abandoned canal. The dam, founded on bedrock, is intended to
pass rather than impound floodflows. Normal stream discharge flows
over the tainter gates. The welr crest or gate sill is elevation
138.0 and the top of gates is elevation 148.1 (stage 0.0). The
Woonsocket Falls dam is shown on plates 19 and 20.

e. Pumping station. The Singleton Street pumping station is
located on the left bank below Singleton Street (see plate 18).
The interior drainage system passing storm water through the pumping
station drains about 31 acres in the Singleton area. During intense
storms the system would also receive about half the runoff from 34
acres lylng east of Harris Avenue. The station shown on plate 22
contains two 20-inch vertical propeller pumps, each with a capacity
of 22 cfs against a head of 12 feet.

f. Design criteria. The Woonsocket Local Protection project
was designed for a discharge of 30,000 cfs which is about 15 percent
greater than the record flood of August 1955 (26,100 cfs).

g€« Regulation procedures.

(1) General. Woomsocket Local Protection project is regu-
lated by the city for protection of the city of Woonsocket and the
town of North Smithfield, Rhode Island. The following paragraphs
briefly describe regulation procedures of the project. Plate 18
presents the regulation schedule for Woonsocket Falls dam. A dis-
charge rating curve for the dam is shown on plate 21. There are no
deviations from the previously esteblished regulation procedure for
the Woonsocket project as contained in Operation and Maintenance
Manual dated October 1959.

(2) Regulation - normal periods. When the L tainter gates
of the dem are in a closed position, the water upstream of the dem
will fluctuate above the gate crest (stage 0.0 feet) depending on the
rate of flow in the river. No regulation is required for normal
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riverflows below a stage of plus 2.5 feet, equivalent to about 1,800
cfse.

(3) Regulation - flood periods.

(a) Minor rise. Minor rises in river levels from
flows 1,800 to 4,000 cfs generally occur annually and occasionally
more than once in a year. Gate regulation will be required when
river stage reaches 42.5 feet. @(ate setting would vary from 0=0-0-0

(all gates closed) to 1-1-1-1 (all gates open 1 foot).

(v) Minor flood. A minor flood, with flows from k4,000
to 7,000 cfs, may be expected to occur every 2 to 3 years on the
average. With a gate setting of l=l-l-1l the pumping station operator
would be alerted. As flow increases gate settings will increase from
l-1-1-1 to 2-2-2-2 to maintain a pool stage of about 42.5 feet.

(e¢) Major flood. A major flood with flows exceeding
7,000 cfs may be expected to occur once in 4 to 5 years. Gage set-
tings above 2-2-2-2 will be determined by river stage at the pumping
station. As soon as a stage of 44.0 is reached the pumping station
operator will inform the dam operator. The dam operator will increase
the gate setting to 2-2-2-3 and continue gate regulation as indicated
on plate 18. When stage rises above 44.0 at the Singleton Street
pumping station, the discharge gate will be closed and the station
operated as required by local runoff conditions.

h., Effectiveness of project. The Woonsocket Local Protection
project wil contaln the design discharge of 30,000 cfs described in
paragraph 21f - "Design Criteria."” With a recurrence of the record
flood (26,000 cfs in August 1955), the project would prevent about

$8.6 million of demages in Woonsocket as follows:

Urban $ 500,000

Industrial 6,300,000

Utilities, highways, railroads

and miscellaneocus 1,800,000
Total $8,600,000



22, LOWER WOONSOCKET LOCAL PROTECTION PROJECT

a. General. The project presently under construction is lo=-
cated in the city of Woonsocket. The project shown on plate 23
consists of improvements to the Blackstone, Mill and Peters Rivers
all within the city limits. Included in the protective works are
channel improvement, dikes, floodwalls, conduits, pumping stations,
removal of 2 dams, and construction of a small control dam. The
following paragraphs contain a brief description of the project.
Details of the projects will be contained in the Operation and
Maintenance Manusl presently under preparation.

b. Blackstone River. The local protection works on the
Blackstone River consist mainly of channel improvement (LOO feet)
upstream of the Bernon deam, removal of the Bernon and Hamlet dams,
construction of about 6,000 feet of dikes and floodwalls, and 2
new pumping stations at the locations shown on plate 23.

c. Mill River. The Mill River channel improvements extend
from about 500 feet downstream of Privilege Street to its con-
fluence with the Blackstone River, a total distance of 2,930 feet.
The protective works consist of a small control dam and about 1,780
feet of channel improvement, including about 3,000 feet of dikes
and floodwalls.

The Mill River flows from the improved open channel through a
1,150-foot, twin-barrelled pressure conduit to its confluence with
the Blackstone River. Each conduit is generally rectangular in
shape, 21 feet wide and 12 feet high with invert slopes at .00l and
.0021. A section of the conduit is shown on plate 2k.

d. Peters River. The improvement in the Peters River starts
about 150 feet downstream of Mill Street with an 800-foot dike on
the right bank and an improved open channel. The river then flows
through an 1180-foot pressure conduit to the confluence of the
Blackstone River. The improved channel has a 25-foot minimum bottom
width with invert slope generally at 0.008%. The 1180-foot pressure
conduit which begins just upstream of Elm Street is 17 feet wide and
10 feet high with invert slopes varying from .0052 to .0l15. Sections
of the conduit are shown on plate 25.

e. Pumping stations. The Lower Woonsocket protection project
contains 2 pumping stations to discharge the interior runoff from the
protected Hamlet and Social districts into the Blackstone River during
high river stages.
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The Hamlet district station (drainage area 185 acres) is lo-
cated on the right bank of the Blackstone River about 300 feet down-
stream of the Hamlet Avenue bridge. The pumping station is equipped

with three 2h-inch propeller type pumps, each with a capacity of 28.0
cfs at a 15.4-foot head.

The Social district station (drainage area 284 acres) is located
on the left bank of the Blackstone River at the confluence of the
Mill and Peters Rivers. The pumping station is equipped with three

36-inch propeller type pumps, each with a capacity of 61.3 cfs at a
19.8-foot heed.

f. Deslgn criteria. The Lower Woonsocket Local Protection pro-
Ject was designed for the standard project flood as follows:

Blackstone River upstream of

Mill and Peters Rivers 33,000 cfs*
Blackstone River downstream

of Mill and Peters Rivers 40,000 cfs*
Mill River 8,500 cfs
Peters River 3,200 cfs

* Modified by West Hill Dam and Reservoir. SPF
for lower Woonsocket is higher than SPF for
upper Woonsocket because of revisions in stomm
distribution and unit hydrographs.

g. Regulation procedures. The effective regulation of the Lower
Woonsocket Local Protection project is the responsibility of the city
of Woonsocket. The only major items of the project requiring regu-
lation are the pumping stations at the Hamlet and Social districts. A
schedule for pumping requirements will be included in the Operation
and Maintenance Manual prepared for the city.

h. Effectiveness of project. The Lower Woonsocket Local Pro-
tection project will contain the design discharges cited in paragraph
22f - "Design Criteria." With a recurrence of the record flood
(August 1955), the project would prevent about $6.8 million of
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damages in lower Woonsocket as follows:

Urban $ 100,000
Industrial 5,000,000
Utilities, highways, railroads
and miscellaneous 1,400,000
Total $6,800,000
35
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APPENDIX A
RESERVOIR REGULATION

1. ORGANIZATION

The Reservoir Regulation Section is responsible for regulation
of the flood control reservoirs in the New England area. In the
New England Division, the Hydrology & Hydraulics Branch of the Engi-
neering Division also functions as the Reservoir Regulation Section.
In addition to its regular flood control duties, the Reservoir Regu-
lation Section is also responsiblé for (a) monthly reports on reser-
voir regulation; (b) continuing studies of regulation procedures;
(¢) analyses of actual flood operations; (d) the establishment of a
data-gathering and reporting network; (e) maintenance of hydrologic
equipment; and (f) the training of personnel. The supervision of
routine operations and maintenance activities comes under the Jjuris-
diction of the Maintenance Branch of the Operations Division. An
organization chart for reservoir regulation in the New England Di-
vision is shown on plate A-l.

The Reservoir Regulation Section is subdivided into basin
units, each of which is responsible for receiving routine hydro=-
meteorological reports and directing reservoir regulation within an
asslgned river basin. Each unit consists of basin and project regu-
lators who recelve reports and issue regulation instructions either
from NED headquarters during normal work-hours or from their homes
during nonwork-hours. Whenever emergency conditions exist, the RRS
mobilizes and staffs NED headquarters on a 2U-hour basis.

2. INSTRUCTIONS TO OPBRATORS

All instructions to operators for regulation of the flood control
reservoirs are given directly by the Reservoir Regulation Section
with advisories to the Division Engineer and the Chiefs of the Engi-
neering and Operations Divisions, and the Disaster Control Center.
When a flood control dam operator is unable to commmunicate with the
RRS and the circumstances require immediate action, the operator has
full authority and responsibility to promptly regulate the reservoir
in accordance with procedures described in paragraph 15, "Emergency
Operating Procedures.”
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3. COMMUNICATIONS

All commnications between the flood control dam operator and RRS
are made via the NED radio network whenever the section is staffed in
NED headquarters. During nonworking hours, reports and regulation
instructions are issued by telephone to and from the homes of RRS
personnel. A telephone directory is maintained and issued by the
Reservoir Regulation Section for its specific use during flood oper-
ations. Included in the directory are names, addresses and telephone
numbers of local observers. In the event of fallure of the NED radio
network and telephone service, emergency communications will be at-
tempted through State Police and Civil Defense radio facilities.

4. PRECIPITATION REPORTING NETWORK

In the Blackstone River basin reports of precipitation data are
primarily used for the purpose of alerting regulation personnel and
to provide a basis for estimating the magnitude of flood runoff. The
River Forecast Center at Windsor Locks, Connecticut receives reports
from the U. S. Weather Bureau precipitation stations in the Blackstone
River basin which are also made available to the RRS,

Precipitation reports from the USWB are supplemented by precipi-
tation data furnished by the West Hill Deam operator who receives
reports directly from the stations shown below. Observers notify the
operator whenever 1 inch of rainfall has been recorded at their
respective stations.

Whitinsville Water Company Northbridge, Mass.
Uxbridge Water Department Uxbridge, Mass.
USWB Station (private home) Mendon, Mass.
Woonsocket Sewer Plant Woonsocket, R. I,

Locations of the USWB and NED precipitation network are shown on plate
1 of the main report.

5. RIVER REPORTING NETWORK
The river reporting network for the Blackstone River basin con-
sists of 8 stations, 5 in Massachusetts and 3 in Rhode Island. Lo-

cations of the geging stations are shown on plate 1 of the maln report
are described below:
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Massachusetts

USGS gage at Kettle Brook Worcester

Staff gage at Webster Street
bridge Worcester

USGS gage on Blackstone River Northbridge

Staff gage at Loumac Corp. Millville

USGS gage on West River

below West Hill Dam Uxbridge

Staff gage on West River at

Waucentuck Mills Wheelockville
Rhode Island

~ USGS gage on Branch River
near Stamina Mills Forestdale

Staff gage on Blackstone
River at Woonsocket Falls Dam Woonsocket

USGS gage on Blackstone River Woonsocket

The geages at Worcester, Massachusetts indicate the streamflows
in the upper Blackstone River basin; gages at Northbridge, Millville
and Wheelockville indicate streamflows in the middle basin; and
gages at Forestdale and Woonsocket indicate flows in the lower basin.
Whenever high river stages are anticipated in the basin, the oper-
ator makes arrangements with local observers to report pertinent
information.

6. WEATHER AND RIVER FORECASTS

a. Precipitation forecasts. In addition to the normal peri-
odic weather forecasts, quantitative precipitation forecasts pre=-
pared by the USWB are received daily over the Massachusetts Weather
Teletype Network by the RRS, Supplemental weather information and
forecasts are made available upon request to the U. S. Weather
Bureau offices at Boston, Massachusetts and Windsor Locks,
Connecticut,




be USWB river forecasts. The U, S. Weather Bureau River Fore-
cast Center at Windsor Locks, Connecticut is responsible for pre-
paring and disseminating flood forecasts to the public for the
Blackstone River basin. The River Forecast Center also prepares
and transmits by teletype to the RRS biweekly headwater advisory
forecasts, indicating the emount of 12-hour rainfall necessary to
produce flood conditions at Woonsocket, Rhode Island in the Black-
stone River basin.

c. USCE flood forecasts. Methods for estimating flood peak
forecasts have been developed for Corps of Engineers use only.
Curves of total rainfall versus peak discharge at Northbridge and
Woonsocket have been determined from available information. These
curves will be checked with future data and modified, if necessary,
to improve the correlation. Curves for forecasting peak flows at
Northbridge, Massachusetts and Woonsocket, Rhode Island are shown
on plate A-3.

T. REPORTS

8, Weekly reports. The flood control dam operator makes a
routine report by radio or telephone to the RRS at 0815 each
Friday. This report assures continuous contact between the oper=-
ating personnel and the RRS and also serves as a communications
test. The report includes the preceding 2h-hour precipitation and
current weather data, reservoir stage and regulation data, river
conditions at index stations and other miscellaneous information.
A sample of the completed form is shown on sheet 1.

b. Alerting reports. The alerting report will consist of
rainfall within the basin and stages at the reservoir and index
stations. The flood control dem operator at West Hill will im-
mediately notify the RRS whenever any of the following conditions
occur:

(1) Precipitation. Occurrence of 1 inch during a 2l=hour
period at any precipitation station within the network.

(2) Reservoir stage. Whenever a stage of 5 feet (and
rising) is reached at West Hill Reservoir,
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(3) River stage. Whenever the river stage at Northbridge
reaches 5 feet and rising, and/or the stage at Woonsocket reaches
T feet and rising.

(%) Unusual conditions. Any unusual local condition such
as difficulty with gates, ice, excessive debris, etc.

c. Flood reports. Supplemental radio and telephone reports
are made to the RRS by the flood control dam operator if heavy
rainfall continues or if it gppears that flood conditions might
develop in the basin as the result of melting snow, heavy localized
rainfall, dam fallures, etc. Time and frequency of these reports
are dependent upon the severity of conditions and specific instruc-
tions from the RRS. Sheet 2 shows a typical log of reports which
indicates the data to be included in treports by the flood control
dam operator during flood periods. Insofar as practicable, the
following information is included in the flood report to the RRS.

(1) Precipitation at dem. The total amount of precipi-
tation which has fallen up to the time of reporting and several
intermediate amounts with the times of observation.

(2) Reservoir stage. The pool stage at the time of
reporting and several previous readings with the corresponding
times to determine rate of rise of the pool and to define the in-
flow hydrograph (accurate simultaneous readings of both stage and
time are very essential to facilitate computations made by the RRS).

(3) Gate position. Gate openings and discharges at time
of reporting and beginning of the storm.

(%) Precipitation reports from observers. Precipitation
reports received from cooperative observers.

(5) River stages. River stages at time of reporting at
Northbridge, Massachusetts and Woonsocket, Rhode Island and other
river gages 1f requested by RRS,

(6) Snow cover. General smow cover which may affect.run-
off conditions throughout the basin.

(7) Miscellaneous data. Any other information which might
be pertinent,
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d. Special reports. A special report is submitted whenever
unusual circumstances occur during a flood or if a special report
1s requested by the RRS., The report may be written in longhand
and should describe the subjects outlined below if appropriate.

(1) oObservations at dam. The flood control dem operator
makes general observations of conditions occurring at the outlet
works as listed below. Observations are entered in the log book
at the dam. If possible, photographs are taken of any unusual :
conditions noting date, time, reservoir gage heights and position
of' the gates.

(a) Intake and portal. Extent and action of eddies
and waves in the vicinity of the conduit intakes and portals.

(b) Outlet and spillway discharge channels. Extent
and action of turbulence or eddies downstream of the spillway and
outlet works.

(c) Ice and debris., Effect on flow through the
gates due to an accumulation of ice or debris at the intake.

(d) Gates. The pool elevation and position of the
gates at which vibration may develop.

(e) Other. Any other unusual hydraulic phenomensa
that may occur,

(2) Observations at control points. During periods of
reservoir regulation, particularly while emptying the reservoir,
reconnaissance of the river is made by the flood control dem oper=-
ator to obtaln further data on the safe channel capacity of the
Blackstone River through principal demage areas. Critical stages
at demage points are correlated with concurrent stage at the near=-
est gaging station to obtailn corresponding discharge.

8. SPECIAL ADVISORIES

In accordance with regulations set forth in EM 500-1-1,
Emergency Flood Control Activities, special advisories from RRS
on flood potential and progress of all threatening storms are sub-
mitted to the Division Engineer, Disaster Control Center and
Chiefs, Engineering Division, Planning and Reports Branch and
Operations Division.
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9. MAINTENANCE OF LOG

All reports, instructions, records of unusual circumstances at
the dam, and information pertinent to regulation of the reservoir
is entered in the logs. A log is maintained by both the flood con-
trol dam operator and the Reservoir Regulation Section.

10. GATE OPERATION RECORD

All gate operations are carefully noted on NED Form 90, a
sample of which is shown on sheet 3, and submitted monthly with
recorder charts of reservoir stages. All operations are noted
regardless of duration of the change in gate position. The report
includes date and time of day, gate opening, reservoir gage height
and reason for operation.

1l. RESERVOIR REGULATION - NORMAL PERIODS

The outlet gates at West Hill Dam will be maintained at gate
settings of 3'-0'-3' (full opening 5 feet) in order to restrict
outflow in the event of a flash flood. A winter pool has not been
maintained in West Hill Reservoir, but will be if future experience
shows submergence of the gates is necessary.

12, RESERVOIR REGULATION - FLOOD PERIODS

8. General. Regulation of flow from West Hill Reservoir is
initiated for specific river stages on the Blackstone River or
heavy rainfall over the basin. Regulation may be considered in
three phases during the course of a flood: Phase I, the appraisal
of storm and river conditions during the development of the flood
leading to the initial regulation; Phase II, regulation during the
flood period; and Phase III, emptying the reservoir following down-
stream recession of the flood. The SOP for regulating the reser-
voir is shown on plate A-2,

b. Phase I - initial regulation of flow. Gates operations at
West Hill Dam are initiated for river stages on the Blackstone
River and also for rainfall over the basin. Index stations for
regulation of the reservoir where stage-discharge and stage-damage
relationships have been established are as follows.
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Damage Stage for Regulation

Index Location Stage Initiating Regulation Required
West Hill Dam T feet and rising 1.0-0,0=1.0
Northbridge USGS T feet 6 feet (1,570 cfs) 0,0-0,2-0,0
Gage (Telemark) (2,130 cfs)

Woonsocket USGS 9 feet 6 £t (3,580 cfs) when 0,0=0,2-0.0
Gege (7,190 cfs) river is predicted to

exceed damage stage

Experience indicates that 2 inches of rainfall over the basin in
2k hours will produce a moderate rise in river stages depending on
antecedent ground conditions. Therefore, initial regulation of the
reservoir is also considered necessary whenever the following rainfall
has been recorded at any index precipitation station in the basin
within a 2k-hour period.

2L-HOUR RAINFALL

(Inches)
Antecedent Conditions
Snow Covered,
West or Frozen Dry Regulation Required
2.0 3.0 Gates to be set at 1'=0'-1"
3.0 4,0 Gates to be set at 0'-0'-0,2"

(minimum discharge = 10 cfs)

c. Phase II - continuation of regulation. During this phase of
a flood, outflow from the reservoir is regulated to alleviate or
reduce, as far as practicable, downstream flood damages. If the
gates are completely closed, they remain in this position until the
final phase of operation is initiated and emptying of the stored run-
off may begin. If some outflow is being released, further gate oper-
ations may be necessary as the reservoir rises in order to maintain
nondamaging flows. Another important regulation activity during this
period is the collection of hydrologic and hydraulic data. The most
important information to be obtained is: (1) precipitation emounts
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throughout the entire Blackstone River basin and at as many surround-
ing locations outside the watershed as possible; (2) snow cover and
water content in case of a spring flood; (3) stage and discharge
values at downstream control points in the Blackstone River; and (4)
any other pertinent rainfall and runoff information which will assist
in the regulation of the reservoir.

d. Phase III - emptying the reservoir. Following recession of
the flood on the Blackstone River, the reservoir is emptied as rap-
idly as possible. Stored flood water will be released in accordance
with instructions issued by the Reservoir Regulation Section. Nor=
mally, RRS will issue instructions to start emptying the reservoir
as soon as it is expected that stages at Northbridge and Woonsocket

PIV S | 22 ey | <
have crested and are receding. If this storage in the reservoir is

less than 75 percent of the total, emptying will be delayed until
the Blackstone River has receded below flood stage. If more than
T5 percent storage has been used, outflow may be initiated while the
Blackstone River is still above flood stage. The outflow will be
controlled, however, to permit continued recession of the main river

stages,

The maximum allowable release from the reservoir will be between
300 to LOO cfs. This channel capacity was determined from observed
discharge conditions at Waucantuck Mills dam;, located about 2 miles
downstream of the dam. Discharge will be increased in steps of 100
cfs or less at intervals of 2 hours or more until safe channel ca-
pacity has been reached. Until experience has been attained, the
time between gate changes should be sufficient to assure that increased
discharge from the West River has reached the Blackstone River and no
flood problems have been created.

If the Blackstone River has crested at Woonsocket at less than
flood stage (9.0 feet) RRS will issue instructions to start emptying
the reservoir immediately. Guide curves for evacuating flood storage
are shown on plate A-4. Secondary river rises during Phase III, due
to either additional rainfall or snowmelt, may result in the regu-
lation procedure reverting to Phase I.

e. Spillway discharge. Ordinarily during a major flood the
gates will not be opened to avoid spillway discharge. Surcharge
storage above the elevation of the spillway crest will be utilized
whenever the downstream channel capacity continues to be exceeded by
runoff from uncontrolled areas. However, when the pool rises to ele-
vation 272 (8 feet above spillway crest) all gates will be fully
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opened. Whenever the pool rises above elevation 269 feet msl (guide
taking line) all residents within the reservoir -area will be so noti-
fied. Police and/or officials of communities downstreem on the
Blackstone River that may be affected during an extreme flood will
also be advised immediately of impending conditions.

13. EXTRAORDINARY FLOOD CONDITIONS

It is conceivable that extraordinary and unpredictable flood
conditions may arise, such as dam or bridge faillures, highway or
railroad washouts, ice jems or debris deposits. Since the prime
purpose of the reservoir is to prevent further damage, regulation
during such unusual conditions may not follow previously described
rules but will be governed by the urgency of the circumstances. The
RRS will be notified immediately of any unusual incident so that
prompt action may be taken and the gates operated to provide maxi-
mum protection.

14, REGULATION WITH FAILURE OF COMMUNICATIONS

If the flood control dam operator is unable to communicate with
the KRS by normal or emergency methods and conditions develop which
appear to warrant regulation, he will operate the gates in accordance
with instructions contained in paragraph 15, Emergency Operating
Procedure. However, possession of the instructions contained in this
manual does not relieve the operator of his responsibility for con=-
tinued efforts to communicate with the Reservoir Regulation Section.
In cases of extreme emergency, the operator shall attempt to communi-
cate with the RRS through the Massachusetts and/or Rhode Island State
Police and the Office of Civil Defense Mobilization radio networks.
It should be emphasized that whenever communications fail, or due to
lack of adequate reports, it is impossible to fully appraise the run-
off from an intense storm, it is preferable to immediately restrict
or completely stop the reservoir discharge than to delay regulation
and actually contribute to downstream flood conditions.

15. EMERGENCY OPERATING PROCEDURE (EOP)

When unable to contact the RRS and flood conditions develop, the
flood control dam operator has full authority to act promptly in ac-
cordence with instructions contained herein regarding the closure of
gates. However, emptying the reservoir will not be initiated until
contact has been established with the RRS.
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All gates will be closed immediately to minimm openings of
0-0-0.2' (10 cfs #) whenever any of the following conditions occur.

a. Rainfall. Whenever 2.5 inches of rain has fallen at any
precipitation station in the Blackstone River basin within a 24~hour
period.

b. River stages. Whenever river stages at the following index
stations reach the indicated level.

Stage for Complete

Index Station Closure of Gates
West Hill Pool T.0 feet and rising
Northbridge (USGS Gage) 6.0 feet and rising
Woonsocket (USGS Gage) 7.5 feet and rising

The EOP is shown on plate A-2.
16. COOPERATION WITH DOWNSTREAM WATER USERS

It is the policy of the Corps of Engineers to cooperate, when-
ever possible, with downstream water users and other interested
rarties or agencies. The flood control dam operator may be re-
quested by downstream users to deviate from normal regulations for
short periods of time. Whenever a request for such modification is
received, the operator ascertains the validity of the request and
obtains assurances from other downstream water users that they are
agreeable to the proposed operations. The operator then relays the
information to the RRS and requests instructions.

17. SNOW SURVEYS

Snow courses have been established at selected locations
within the reservoir watershed and are shown on plate 1 of the main
report. Weekly surveys are made by the flood control dam operator
during the winter and early spring to determine the depth of snow
and its equivalent water content. Dates for surveys are determined
each year by the RRS so as to correspond with monthly bulletins of
the U, S, Geological S‘urveyo
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18. ABSENCE FROM DAM

Whenever the flood control dam operator expects to be absent
overnight from the dam, approval is obtained from RRS. The oper-
ator in charge at Buffumville Dam (Theames River basin) regulates
West Hill Dam when the West Hill operator is absent.

19. FUTURE STUDIES

Post flood studies will be made of each period of reservoir
regulation to determine efficiency of the communications and
reporting networks, the epplicability of regulation guides includ-
ing stage-discharge relationships, discharge correlations and flood
reductions at damage centers.
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RESERVOIR REGULATION SECTION

E.F.CHILDS, CHIEF
S.COOPER,ASS'T.CHIEF
L COTTER STEROG AP RER

|

i

HOUSATONIC RIVER BASIN
E.P.STORY,BASIN REGULATOR
A.P. MUNROE, ALTERNATE

i

THOMASTON DAN
“).F.CULBERT,OPERATOR
L.H.WILLIAMS, ASSISTANT

E.W.FOSTER,ASSISTANT

|

CONNECTICUT RIVER BASIN
S.COOPER,BASIN REGULATOR

F.D.GOODE, ALTERNATE
A.P.MUNROE, ALTERNATE
P.HUIE, ALTERNATE
L. MANLEY, ALTERNATE

UNION VILLAGE DAM

BIRCK WILL DAM

T.F.FERRITER, OPERATOR
R.N.THRESHER, ASSISTANT

W.R.DIVOLL,OPERATOR
L1 BURGESS,ASSISTANT

HALL MEADOW BRBOK DAM

EAST BRANCH DAM

NORTHFIELY BROOK 9AN

NAKCOCK BROSK BAM

[ A FLAT]

NORTH NARTLAND DAM

H.C.LOBDELL,ASSISTANT

G.E.ROCKWOOD,OPERATOR 1

__THLLY BAN
H.ASMALL,OPERATOR
R.A.PARKER,ASSISTANT

NORTH SPRINGFIELD DA

BARRE FALLS DAM

£.P.MORSE,OPERATOR
1A WARD,ASSISTANT

A. SAWICKI, OPERATOR

D.W.CLARK,ASSISTANT

l

TOWNSHEND DAM
P.R.LEWIS,OPERATOR

CCSHULTL ASSISTANT

—

CONANT BROOK DAM

BALL MOURTAIN DAN
E.W.ROGERS, OPERATOR .
E.STURUS,ASSISTANT
L.H.WILIAMS,ASSISTANT

LITTLEVILLE DR
p—q J.L. LEDGERE, OPERATOR
J.B.RAY ASSISTANT

L

SURRY MOUNTAIN DA
H.G.LAWTON,OPERATOR
S RATHBURN, ASSISTANT

P KNIGNTYILLE BAM

J.XATSURANIS.OPERATOR,
L.W.LAFOMD,ASSISTANT

QITER BRUOK OAN
Y.H.GUYETTE,OPERATOR

JE.BOYEA, ASSISTANT

e tanany s ]
| COLEBROOK MYER DAN

1
L

__.I._____J

MAD RIVER BAM

|

l

]

THAMES RIVER BASIN
B.S.JONNSON,BASIN REGULATOR

J.W.FINEGAN,ALTERNATE

BLACKSTONE RIVER BASIN
P.HUIE, BASIN REGULATOR
B.S.JOHNSON, ALTERNATE

MERRIMACK RIVER BASIN
EP.STORY, BASIN REGULATOR
0.L.DONATI, ALTERNATE

MANSFIELD ROLLOW DAM
et N.R.ALTOMARE,OPERATOR,
$.J.SLUBEN, ASSISTANT

BUFFUNYILLE DAM
pee=t S.B.ALEXANDER,OPERATOR
R. FREYTAG, ASSISTANT

NODGES YILLAGE DAN
€.1.PEACOCK,OPERATOR
F.M.LUKS,ASSISTANT

HURRICANE BARRIERS
$.COOPER,REGULATOR
J.W.FINEGAN, ALTERMATE
P.HUIE, ALTERNATE

WEST HILL DAM
1 LM CLARKIN

WOONSOCKET.R.I.

— ADYISORIES TO
CITY ENGINEER

WORCESTER MASS.

EAST BRIMFIELD DA

£.DION, OPERATOR
L.J.ROBERTS, ASSISTANT

I

WESTVILLE DAM
fd  B.C.MANOR,OPERATOR

W.T.SMITH,ASSISTANT

WEST THOMPSON DAM
et C.A.BUSWELL,OPERATOR
D.E.VANASSE, ASSISTANT

L ADVISORIES TO
CITY ENGINEER

[ ORGANIZATION CNART . FoR_ RESERYOIR REGHLATION |

[ WYISION ERGINEER 1

FRANKLIN FALLS DAM
N.M_HUMPHREY,OPERATOR
R.D.MAYO,ASSISTANT
R.M.PEPLER,ASSISTANT

BLACKWATER DAM
J. ROBERTS, OPERATOR

EBWARD MACOGWELL DAN |
G.A.MILLER,OPERATOR
K.B.WETHERBEE,ASSISTANT

HOPKINTON DAM

I

L OISASTER COXTRSL CENTER
I
ENGINEERING DIVISION

[

RESERYOIR REGULATION SECTION

—{ R.A. GOLEC, OPERATOR,
E.P.MCCABE, ASSISTANT

l

EYERETT DAM
J.A.PLIFKA,OPERATOR

NEW BEDFORD BARRIER
1 _J.J.ARRUDA,OPERATOR
F.M.CALDWELL,ASSISTANT

FOX POINT BARRIER

W.TURNER, ASSISTANT

1 STANFORD BARRIER

Mg
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ORGANIZATION
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RESERVOIR REGULATION SECTION

U.S. ARMY ENGINEER DIVISION, NEW ENGLAND
CORPS OF ENGINERRS

MARCH 1966
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STANDARD OPERATING PROCEDURE (5.0.P.)

WEST HILL DAM & RESERVOIR

"EMERGENCY OPERATION PROCEDURE (E.O.P.)

(tAo be followed when contact cannot be made with RRS)

WEST HILL DAM & RESERVOIR

The West Hill Dam Operator is responsible for complete closure of gates (min. opening 10 cfs)

in accordance with the following:

a. Rainfall - 2.5 inches has fallen in basin

b. Stages - Location

West Hill Pool
Northbridge, Mass.
Woonsocket, R. I,

NOTE: Discharge from the reservoir storage is not to be released until contact has been
re-established with RRS,

BASIN PRECIPITATION BLACKSTONE RIVER WEST NI
{1 REGULATION
RAINFALL -INCHES INDEX STATION
(STAGE IN FEET) _ RESERVOIR | INSTRUCTIONS DUTIES DURING EACH PMASE
PRASE ANTECEDENT CONDITIONS
NORTUBRIDGE WOONSOCKET
MASS. Rl STAGE
SNAW COVERED ny ¢ GATE SETTINGS
WET OR FROZEN d.a. ‘. IN FEET
. (139 Sq.Mi) (416 Sq.Mi)
' ! NORMAL FLOOD CONTROL DAM OPERATOR
- ALERT 1.0 1.0 5.0 g 7.0 5.0 SETTING
-— 2 (970 c.f.s.) (4720 c¢.f.5.) | and rising 3-0-13 PHASE |
== 5.0 1, Collect & transmit to RRS rainfall and stage data.
-z (5920 c.f.s.) RESTRICT 2. Operate according to instructions from RRS,
- CRITICAL 2.0 3.0 6.0 Projected river 12.0 OUTFLOW :
{1670 c.f.5.) lspage in 18 hrs. l_o0-| P 3]
1. Close to minimum settings upon instructions from
— 9.0 RRS,
v FLem P (7190 c.f.s.) 0-0-0.2 2. Note all unusual conditions at dam, downstream
- condiTIoNn 3.0 4.0 7.0 Projected river Min. opening channels and index stations.
= (2130 c.f.s.) |stage in 18 hrs] 10 c.f.s. 3. Collect & transmit rainfall and stage data at
minimum 3-hr. intervals or as directed by RRS. .
FOR ALLOWABLE RELEASES FROM WEST HILL DAM CONSULT
== | EVACUATION STORM HAS ABATED GUIDE CURVES PLATE NO. A - 4 BHASE 1]
- MAX. ALLOWABLE DISCHARGE FROM WEST HILL DAM = 400 c.f{.s. 1. See Phase II, step 3.
- o 2. Reconnoiter flood plain and note conditions.
= E Post NORMAL 3. Report to RRS for further instructions,
TTING
== 1 eremanion 1003

PR CT REGULATOR
PHASE |

1. Compile data.

2. Coordinate next transmission.

3, Restrict outflow to maintain safe channel capacity.
on the West & Blackstone Rivers.

4. Inform Basin Regulator of actions.

BHASE 1§
1. Continue regulation instructions to FCDO,
2, Consult with Basin Regulator to analyze severity
of flood.
3. Relay to FCDO any special instructions recommended
by Basin Regulator.

BHASE 11}
1. Collect data from FCDO.
2. Check Guide Curves for allowable releases
(Plate No. A-W).
3. Consult with Basin Regulator,
4. Relay instructions to FCDO.
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APPENDIX B

OPERATIONAL PROCEDURES AND MAINTENANCE
OF HYDROLOGIC EQUIPMENT

1. PRECIPITATION GAGE

An unofficial plastic wedge-shaped fence gage is installed at
West Hill Dam. For ease of observation the gage i1s located at the
operator's house and serves as a supplement to the standard USWB
rainfall stations at Northbridge and Mendon, Massachusetts and
Woonsocket, Rhode Island.

2. RESERVOIR STAGE RECORDER

The automatic water level recorder at West Hill traces the
water level in the reservoir at all times. The water-stage
recorder is operated by a float. The recording instrument should
be checked each morning to assure that the clock is keeping correct
time and the pen is tracing properly. Any discrepancies in the
record as evidenced by the pen time or gage height should be noted
on the chart and the instrument reset. During periods of reservoir
storage, the outside tile or staff gage should be read to check
tape readings and chart record. Should the records become inoper-
able, RRS should be notified and arrangements will be made to put
the recorder back into operation. The chart record should be
changed the first working day of each month. At the beginning and
end of each monthly chart, the following information should be
noted in ink:

Outside (tile) gage reading
Pen gate height reading
Watch time

Pen time

Date and name of dam

New charts for monthly recorders should be obtained from the NED
warehouse.

3. TAIIWATER GAGING STATION

A tallwater gaging station is located downstream of the dam to

B-1



provide a continuous official record of discharge from the dam. The
gaging station is equipped with a remote recording system which
transmits data to the West Hill gatehouse. It is essential the equip-
ment be checked frequently to assure a continuous record. Tallwater
geage readings included in the routine radio and telephone reports to
the RRS on Fridays are used for calibration of the gages and as a
ready reference of basin runoff conditions at the time of observation.
If inspection of the gage indicates a need for repair, RRS should be
notified immediately and arrangements will be made with the USGS to
have the equipment repaired.

4, TELEPHONE TRANSMITTER (TELEMARK)

A telephone trensmitter (telemark) is in operation on the Black-
stone River at Northbridge, Massachusetts to obtain river stages to
ald in regulating West Hill Dam. Presently telemarks are the most
satisfactory method of river stage reporting, especially where it is
essential to have 2h4-hour coverage of the index stations. Should the
telemark become inoperative the dam operator should visit the USGS
gage to ascertain the source of the difficulty. If the trouble cannot
be determined at the gage, the telephone company should be requested
to check out their circuits. The operator should be at the gage when
the telephone company inspects their system. If the telemark still
cannot be made operative, the RRS should be notified and NED or USGS
personnel will inspect the gaging station.

Batteries for the Stevens telemark at Northbridge, Massachusetts
will be furnished and installed by the FCDO.

5. SNOW SAMPLING SET

A snow sampling set has been assigned to the FCDO. Procedures
for obtaining snow survey data should follow instructions set forth
in Snow Survey Sampling Guide, Department of Agriculture Handbook 169.
If given proper care, the only maintenance required would be oc-
casional replacement of worn-out cutterheads.



